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Abstract 
Fibre optical sensors (FOS) have been paid a lot of attention because of innate immunity of electro-magnetic 
interference (EMI) and high precision, especially like Fabry-Perot (F-P) cavity fibre sensor which is tiny and 
sensitive. However, FOS hasn’t taken place of traditional electric sensors for its complex and expansive 
demodulation of optical signal. A new demodulation method using white light polarization interference controlled by 
voltage is proposed in this paper. In the system, a birefringence crystal plays a pivotal role in making optical path 
difference (OPD) between ordinary linear light and extraordinary linear light. When the OPD compensated with the 
length of F-P cavity, the output signal produces fringe patent. The OPD between the two orthogonal linear polarized 
lights is also controlled by an electronic field acted on the birefringence crystal. According to the Pockels effect, the 
change of ODP is linearly depended on intensity of electronic field. The length of cavity can be calculated by a 
voltage scanning. The mathematic model of voltage controlled demodulation is derived and the simulation result is 
discussed. At last, fabrication processes are described and the key parameters are given. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Acceleration, temperature and pressure measurements are important in industry and aerospace areas. A
lot of money and time have been paid on developing FOS which is considered to have a great prospect[1].
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Since the first report of fiber optic gyroscope by Vali V and Shorthill R W, FOS has achieved great 
progresses. Among different kinds of structures, F-P cavity sensor is more competitive in miniaturization 
and sensitivity. There are two major types of F-P cavity sensor, intrinsic Fabry-Perot interferometer 
(IFPI) and extrinsic Fabry-Perot interferometer (EFPI). Both of them correspond to the light interference 
principle. Narrow or wide bandwidth light source used in interferometer requires difference 
demodulations. 
Some typical optical signal demodulations are applying in F-P sensor system. If we chose narrow 
bandwidth light source, the coherence length is longer than cavity length. When cavity changed, the OPD 
between two fiber ends will make the reflection of light intensity periodic alternate. And the measurement 
result is suffered from the 2π  phase ambiguity, especially in wide range measurement. But it is fit to 
make up a fast and real-time detection system. While the bandwidth of light source is relative wider, the 
coherence length is still greater than cavity and the peak of spectrum reflects the change of cavity. 
Spectrometer is a convenient device to get the spectrum. When the peak position of spectrum is found, the 
cavity length can be calculated by single peak demodulation equation. The limit of this method is sample 
rate. Most spectrometers can’t achieve high precious and high speed measurement at the same time 
except for some expensive devices. Another light source is white light, like tungsten lamp, the typical 
coherence length is less than 2 mμ , shorter than most cavities. This type is known as white light or low-
coherence interferometer (LCI). Because of narrow coherence length, when interference happened, the 
reflected fringes are very shape and localized into a path length difference region. LCI has been widely 
studied and used, such as optical coherence tomography (OCT)[2]. Some papers have discussed this type 
interferometer. An improved type takes use of polarization light to form two beams interference.  
In order to make coherence of two beams from LCI, a wedge is usually used. But the fabrication of 
wedge is often inefficient. In this paper, a white light demodulation by voltage controlled is proposed and 
the produce process design will be discussed. 
2. System Design 
A novel white light EFPI system is scheme like Fig.  1 
Fig. 1.  system scheme 
Tungsten lamp emit low-coherence white light, the typical full width at half maximum (FWHM) λΔ is 
larger than 200nm, the center wavelength (CWL) λ  is about 670nm. And the coherence length is about 
2 mμ [3]. After focus lens, the low-coherence light is coupled to multi-mode fiber and transmitted to F-P 
cavity. Take EFPI cavity for example, the cavity is made up with input optical fiber and reflecting optical 
fiber. A glass capillary is usually used to keep two end-faces of fiber parallel. When pressure or 
temperature changed, the gap between two ends will reflect the variation. Compared with white light 
coherence length, the cavity is longer and about 300 mμ  in a typical system. According to interference 
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conditions, the reflection light from the two end faces doesn’t produce fringe.In order to form two beams 
interference like Michelson interferometer, we design the voltage controlled polarization demodulation. 
The beam expander alignment lens transfer the Gaussian shape light emitted from fibre to collimated 
light[4]. Linear polarizer filter other vibration directions wave and remain   direction linear polarized 
light. Single axis birefringence crystal produces OPD between ordinary light and extraordinary light. If 
define that the fast axis is along  direction and the slow axis is along  direction, we have OPD as 
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o is the index of  refraction in direction of ordinary light, en  is the index of  refraction in direction of 
extraordinary light,   represents optical frequency, c  is velocity of light in vacuum environment, d  is 
the length of birefringence crystal. Horizontal electro-optic effects will change the refraction of crystal 
material. If alternating voltage parallel place on the crystal vertical to the optical axis, the OPD will 
change according to Pockels effect[5].
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Where γ  is electro-optic coefficient, h  represents thickness of birefringence crystal,  is voltage 
acted to the crystal. OPD between ordinary light and extraordinary light is linearly depended on the 
voltage. Compared with OCT, phase delay control by voltage is more reliable and convenient. And the 
response delay is less than 10 s, faster than any mechanical modulation.The shape of tungsten lamp 
light spectrum is supposed to obtain gauss distribution, the wave of white light can be described as: 
)(tU
9−
2/2 )]/22(exp[])(exp[),( 200 cvzvtivvAztA v ππτ −⋅−−= (3) 
In equ.3, 0  is the amplitude of light vibration at 0v  which is the center frequency of gauss spectrum, A
vτ  is the mean square error of Gauss spectrum. z  represents optical path length. 
In order to form Michelson interference from two reflection end faces, the OPD between the two 
beams should less than coherence length. To be convenient, we suppose the birefringence crystal is 
negative refractive material. The reflected light from the first end travelling along extraordinary light 
direction is the reference light  and the reflected light from the second end travelling along ordinary 
light direction is the signal light . When the interference happened, we have the wave equation as[6]
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So the intensity can be described as  
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It is complex to get an analytic solution. Refer to Michelson white light interference we can derivate 
normalization alternating component expression as (10) when just one fringe-envelope is concerned. 
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In Fig. 2(a), when voltage is set to zero, the interference is just caused by the changing cavity. The 
envelope curve reflects the coherence length. The peak shows the maximum interference. If voltage 
alternated, the OPD will change slowly, and the photo-detector will receive an alternating intensity signal 
like Fig. 2(b). Record the intensity to voltage map and find the peak position, the length of cavity can be 
calculated by (10).  
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Fig. 2. (a)white light interference; (b) interference by voltage control 
3. Fabrication 
Some papers have been reported the process of assembling an F-P cavity. Take EFPI cavity for 
instance, first of all is to prepare two striped fibers,  can dissolve the organics. Then the fiber end 
should be polished to have a smooth and perpendicular face. After that, the two end-faces are coat by film. 
The reflectivity decides the thickness of film. The Fig. 3(a) shows one coated end face by sputter 300nm 
aluminum. At last, the two fibers are bonding in a glass capillary to keep two end faces parallel. Laser 
bonding is believed to be more reliable and stronger. Fig. 3(b) and Fig. 3(c) show the laser bonding 
system and the bonded result. 
42 SOH
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Fig. 3. (a) Coated fiber end face; (b) Laser bonding system; (c) Bonded EFPI 
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From (10), the most important component in the demodulation system is the birefringence component. 
To make the demodulation part more sensitivity, the crystal should be chosen carefully.  (KDP) 
is a proper choice and easy to get. A lot of papers have discussed the birefringence material about 
physical and chemical character[7]. Another way to enhance the sensitivity is to lower the thickness of 
crystal. The simulation shows if the thickness is smaller than 1
42 POKH
mμ , the control voltage will lowdown to 
10v and the interference finger will keep the same visibility. But the exist crystal growth method can’t 
make so thin uniaxial film. We design a method to help solve the problem, as show in Fig. 4. 
Fig. 4. The process of making KDP thin film 
First, we coat the Si wafer which is sacrifice layer with the electric pole like gold. Second, drop a little 
melt KDP on the metal layer. The melt point of KDP is 252.6 centigrade. There are a lot of methods to 
melt KDP solid and keep the wafer temperature around 300 centigrade. Third, make the wafer spin 
around the center, the rotate speed must more than 8500 . The KDP liquid will cover the whole 
metal layer and be pull by spin centrifugal force. The rotate speed controls the thickness of film. Fourth, 
place high voltage on the KDP like FIG.4. The high voltage will help polarize the KDP before solidified. 
Last, coating the other electrical pole and etching the sacrifice layer.  
min/r
4. Conclusion 
A voltage controlled white light polarization interference demodulation is described by mathematical 
model. And simulation shows that the low voltage can change the fringe from bright to dark if 
birefringence crystal is thin enough. Changing voltage to control the OPD between the two orthogonal 
linear polarized lights is more reliable and rapid than mechanic method like traditional OCT.   
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